In this work we present spectra of all γ-ray burst (GRB) afterglows that have been promptly observed with the X-shooter spectrograph until 31/03/2017. In total, we obtained spectroscopic observations of 103 individual GRBs observed within 48 hours of the GRB trigger. Redshifts have been measured for 97 per cent of these, covering a redshift range from 0.059 to 7.84. Based on a set of observational selection criteria that minimize biases with regards to intrinsic properties of the GRBs, the follow-up effort has been focused on producing a homogeneous sample of 93 afterglow spectra for GRBs discovered by the Swift satellite. We here provide a public release of all the reduced spectra, including continuum estimates and telluric absorption corrections. For completeness, we also provide reductions for the 18 late-time observations of the underlying host galaxies. We provide an assessment of the degree of completeness with respect to the parent GRB population, in terms of the X-ray properties of the bursts in the sample and find that the sample presented here is representative of the full Swift sample. We constrain the fraction of dark bursts to be < 28 per cent and we confirm previous results that higher optical darkness is correlated with increased X-ray absorption. For the 42 bursts for which it is possible, we provide a measurement of the neutral hydrogen column density, increasing the total number of published HI column density measurements by ∼ 33 per cent. This dataset provides a unique resource to study the ISM across cosmic time, from the local progenitor surroundings to the intervening universe.
Introduction
Gamma-ray bursts (GRBs) are bright glimpses of electromagnetic radiation that pierce through the universe, all the way from the edges of the observable universe. They provide constraints on a very wide range of topics in astrophysics. Examples range from small-scale phenomena relating to magnetars, properties of highly relativistic jets, hyper/supernova explosions, the interstellar medium, dust extinction curves, starburst galaxies, chemical and molecular abundances, escape of ionizing radiation, the ionization state of the intergalactic medium, intervening absorption systems to standard candles in cosmology (e.g., Wijers et al. 1998; Savaglio 2006; Ghirlanda 2007; Molinari et al. 2007 ; Am- e-mail: jselsing@dark-cosmology.dk † On-call observer ati et al. 2008; Vergani et al. 2009; Prochaska et al. 2009; Hjorth & Bloom 2011; Rowlinson et al. 2017; Christensen et al. 2017 ).
The Neil Gehrels Swift Observatory (Swift) satellite (Gehrels et al. 2004 (Gehrels et al. , 2009 ), which was launched in 2004, has made it possible to harvest much of the great potential in using GRBs as probes of the intergalactic medium, which was already hinted at by results from earlier missions (e.g., van Paradijs et al. 2000; Ricker & Team 2004) . With the three on-board instruments, the Burst Alert Telescope (BAT; Barthelmy et al. 2005) , the X-Ray Telescope (XRT; Burrows et al. 2005) , and the UltraViolet and Optical Telescope (UVOT; Roming et al. 2005) , Swift is an ideal observatory for GRB hunting. A crucial aspect of the success of the Swift mission has been the extensive ground-based follow-up observations of the afterglows and of the host galaxies of the GRBs, involving a large community of researchers. This fruitful collaboration has been facilitated by the open data access policy of the Swift mission. The close collaboration between detection facilities and electromagnetic follow-up campaigns continue to be immensely rewarding, as recently highlighted by the simultaneous detection of gravitational waves and light from the neutron star merger in the shape Article number, page 1 of 43
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In the beginning of the Swift era most of the follow-up afterglow spectroscopy was secured using low-resolution spectrographs (typically R = λ/∆λ<1000, e.g., Fynbo et al. 2009 ). Spectroscopy is powerful as it allows us to secure information even for very faint targets . This allows the measurement of a number of important parameters such as redshifts, spectral slopes, and extinction. For a handful of very bright afterglows high-resolution (typically R>20000) spectra have been secured, and for these events much more information about conditions inside the host galaxies were extracted (e.g., Fiore et al. 2005; Thöne et al. 2007; Prochaska et al. 2007; Vreeswijk et al. 2007; D'Elia et al. 2009; Castro-Tirado et al. 2010) .
The X-shooter spectrograph (Vernet et al. 2011 ) was the first of the second generation instruments at the ESO Very Large Telescope (VLT). It was designed very much with transient follow-up in mind as the fading luminosities of such sources makes it urgent to secure as extensive wavelength coverage as possible in the shortest possible time. At the same time, the resolution was designed to be in the range 4000-9000 in order to be able to get a large useful spectral range between the many sky-background emission lines in the red and near-IR spectral ranges. The near-IR spectral coverage allows for spectroscopic observations of the highest redshift GRBs.
In this paper, we present the results of a dedicated effort over the years 2009 -2017 to use the X-shooter spectrograph to secure spectroscopic observations of afterglows and host galaxies of GRBs detected by Swift. We here make all the data resulting from the survey publicly available in reduced form (see Sect 3.7).
The paper is organized in the following way: In Sect. 2 we describe the sample including the sample selection criteria and the observational strategy. In Sect. 2.4, we describe the observations and the instrumental setups, and in Sect. 3 we detail the methodological strategies adopted in the data reduction process and auxiliary material. In Sect. 4 we describe the results of the survey, i.e. the efficiency of the follow-up effort and the characteristics of the observed bursts. We also assess the completeness of the realized sample. Finally, we offer our conclusions in Sect. 5. We use the ΛCDM cosmology parameters provided by the Planck Collaboration et al. (2016) in which the universe is flat with H 0 = 67.7 km s −1 Mpc −1 and Ω m = 0.307.
Sample selection criteria and observations

Sample selection criteria
Being of transient nature, it is difficult to impose strong sample selection criteria on GRBs without hampering the follow-up effort. Many natural follow-up restrictions exist already, being it weather conditions, pointing restrictions of the telescope or unconstrained burst localizations as reported by the alerting facility. To maximize the return of the follow-up campaign, we have chosen a few selection criteria that facilitate an unbiased selection of bursts, while at the same time allowing for a high follow-up success rate. The importance of defining unbiased selection criteria has been highlighted previously (Jakobsson et al. 2006; Salvaterra et al. 2012; Hjorth et al. 2012; Vergani et al. 2015; Perley et al. 2016a) , when trying to address the intrinsic underlying distribution functions such as the redshift distribution, host metallicity distribution, or afterglow brightness distribution. When investigating a specific distribution function, a high degree of completeness is desired (e.g., Perley et al. 2016b) . In defining the selection criteria, we simultaneously aim to minimize any biases against intrinsic astrophysical conditions while at the same time maximizing the likelihood of successful observations, hence allowing us to obtain a higher degree of completeness. By restricting the selection criteria to conditions local to the Milky Way and therefore independent of intrinsic GRB properties, the aim is that the collected sample represents the underlying distribution of GRBs in a fair way. The selection criteria used here are based on previous, similar studies (Jakobsson et al. 2006; Fynbo et al. 2009; Hjorth et al. 2012) . We characterize the sample completeness in Sect. 4.2.
The selection criteria that define a GRB as part of our initial statistical sample are:
1. GRB trigger by BAT onboard the Swift satellite 2. XRT started observing within 10 minutes after the GRB; an XRT position must be distributed within 12 hr. 3. The target must be visible from Cerro Paranal for at least 60 minutes, 30 degrees above the horizon, with the Sun below −12 degrees 1 . 4. Galactic A V ≤ 0.5 mag according to the maps of Schlegel et al. (1998) . arcsec, where R is the USNO magnitude of the star).
Our ability to observe GRB afterglows is strongly dependent on the timing and the precision of the target positions delivered by the triggering facilities. By selecting only bursts that have been triggered on board the Swift space telescope (Gehrels et al. 2004) , based on the BAT, we start out with a sample where burst characteristics are delivered immediately, allowing for an informed follow-up strategy. However, the BAT sensitivity varies across its field of view, so selection is not entirely homogeneous. Despite the complexity of the triggering mechanism on board Swift (Band 2006; Coward et al. 2013 ), attempts at inferring properties of the underlying GRB population based on the detection thresholds and triggering algorithms have been made (Lien et al. 2014; Graff et al. 2016) . Restricting the follow-up effort to bursts detected by Swift, we therefore ensure that the limitations of the parent sample are well studied.
Because the localization accuracy of BAT is 1 -4 arcminutes (Barthelmy et al. 2005) , an afterglow identification based on BAT alone would be harder, and host association impossible. We therefore additionally require an X-ray position from XRT to be distributed to the GCN network (Barthelmy 2000) within 12 hours and to account for observing constraints on Swift that XRT began observations within 10 minutes. The additional timing requirement of the XRT follow-up means that all bursts in our sample have detected X-ray afterglows. Because the XRT completeness is very high for promptly-repointed GRBs (Burrows et al. 2007 ), this cut should not alter the parent sample significantly.
To ensure a minimum of observability, we require that the GRB is visible from the telescope site at Cerro Paranal, Chile, for a least 1 hour after the trigger with the sun below −12 degrees. This secures time for the spectroscopic observations to be completed. Since the GRB population is isotropically distributed on the sky as seen from Earth, and because the GRB properties do not depend on position on the sky (Meegan et al. 1992; Briggs et al. 1996; Ukwatta & Wózniak 2016) , this cut does not influence our ability to fairly sample the underlying GRB population. The same arguments apply to the requirement that there are no nearby foreground bright stars. We additionally require that the Galactic extinction is below A V 0.5 mag, based on the extinction maps by Schlegel et al. (1998) 2 . Choosing low-extinction sightlines also reduces the problem of field crowding and the contamination from Galactic outbursts posing as GRB impostors. These additional cuts should not influence the optical properties of the bursts themselves, only our ability to successfully secure the observations that allow us to investigate the spectroscopic properties of GRBs.
Bursts that fulfill these selection criteria are what we define as our initial statistical sample. To reach a higher degree of sample completeness, we impose additional cuts that increase our ability to infer population properties. These are presented in Sect. 4.2.1. Using this sample we will be able to address population properties of Swift-detected bursts. We further discuss the effect of these selection criteria and their implication for the completeness of the sample in Sect. 4.2.
Follow-up procedure
Our collaboration has set up a procedure to promptly react to alerts from Swift and other satellites (such as Fermi). We process automatically GCN notices in order to flag those events belonging to our statistical sample. Two people are permanently on alert to manually supervise each event, for example to recognize events of special interest beyond their inclusion in the sample. Members of our collaboration have access to numerous facilities spread throughout the world, among which the William Herschel Telescope (WHT), Nordic Optical Telescope (NOT), the Gran Telescopio Canarias (GTC), the Telescopio Nazionale Galileo (TNG), the Gamma-Ray Burst Optical Near-infrared Detector (GROND Greiner et al. 2008) , and the Xinlong observatory. Thanks to this network, we can often conduct searches for optical/NIR afterglows ahead of the time of the X-shooter spectroscopy, thus helping to plan the spectroscopic observations. If this is not possible, we use the built-in acquisition camera of Xshooter to search for counterparts, and adapt the observing strategy on the fly. In many cases we could interact directly with the staff at the telescope to aid the observation. Raw data are usually available within minutes in the ESO archive and are promptly reduced by members of our collaboration, often using archival calibration data which are readily available. This allows us in most cases to report the preliminary results (redshift, identification of the most prominent emission and absorption feature, etc.) within a few hours after the beginning of the observations and plan additional X-shooter observations if deemed necessary.
Rapid response mode (RRM) observations
Under rare circumstances, the use of the ESO rapid response mode (RRM; Vreeswijk et al. 2010 ) has been possible. The RRM is a system to automatically override ongoing observations at the telescope. This allows the shortest possible delay between the GRB trigger and the initiation of observations, where spectroscopic integration of the rapidly fading, optical transient can commence within minutes of the burst. One limitation is that no instrument change is allowed in RRM, which lowers the number of successful triggers (X-shooter shares the telescope with two other instruments). In case of a promptly visible GRB, a robotic trigger is sent to the telescope if at the time of the GCN notice the GRB fulfills the following criteria:
1. The GRB triggered Swift onboard. 2. The X-ray position must be available less than 1 hr after the GRB. 3. The elevation of the source in the sky is > 22
• (both at trigger time and 15 min after). 4. The Sun elevation from Paranl is < −12
• (both at trigger time and 15 min after). 5. Galactic A V ≤ 1.0 mag according to the maps of Schlegel et al. (1998) .
The
Swift-circulated tags: KNOWN_SOURCE, COSMIC_RAY, DEF_NOT_GRB are set to false (PROB_NOT_GRB can be true) 3 .
The criteria to trigger RRM are looser than those that define the statistical sample. This is both because of the expected larger brightness of GRB counterparts soon after the explosion, and because of the rarity of RRM triggers.
The use of RRM is unique as it allows to sample a long logarithmic time span in the GRB lifetime, and it exploits the extreme brightness of early afterglows. A pivotal exampl is the study of temporal variability of GRB afterglow absorption systems due to effect of the GRB itself on the sorrounding medium (e.g., see Dessauges-Zavadsky et al. 2006; Vreeswijk et al. 2007; D'Elia et al. 2009; Vreeswijk et al. 2013) .
There are nine GRBs that have been observed with X-shooter in RRM mode. One of the RRM triggers is outside the statistical sample, and two of the RRM triggers are on short GRBs. Our fastest response (between the Swift GRB trigger time and the beginning of spectroscopic integration) was for GRB 160410A, for which the delay was only 8.4 minutes.
In many cases, unfortunately, we could not use RRM even for promptly visible events, e.g. because of the unavailability of X-shooter. Potentially, the proximity of the telescope (Cerro Paranal, Chile) to the South Atlantic Anomaly (SAA) affects the rate of RRM triggers . BAT switches off when the satellite goes through the SSA and that means we have fewer events immediately observable, compared to the rest of the Swift orbit.
Observations
The observations obtained for this sample have been secured with the cross-dispersed echelle spectrograph, X-shooter (Vernet et al. 2011) , mounted on one of two Unit Telescopes at ESO/VLT, UT2 (Kueyen) and UT3 (Melipal) during the duration of this follow-up campaign. The observations have been taken during a period of eight years corresponding to the ESO observing periods P84 through P98 under the following Blue stars indicate the position of the 104 bursts fulfilling the sample criteria specified in Sect. 2.1 that have a measured redshift. Red outlines are added to the 84 GRBs that enter our statistical sample with both X-shooter spectroscopy and a measured redshift. Red outlines of empty stars represent bursts which have been observed with X-shooter and has a measured redshift, but is not a part of our statistical sample. The blue dots show the positions of the 61 GRBs of our statistical sample that lack redshift measurements. A red outline is added around the six bursts in our statistical sample which were observed with X-shooter, but did not yield a redshift measurement. Two empty circles with red outlines indicate bursts outside the statistical sample that were followed up with X-shooter, but without a redshift measurement. The different samples are compared in Sect. 4. The background shows the dust maps presented in Schlegel et al. (1998) . Please note that we removed the background where the sample criterion is violated (A V > 0.5 mag) and replaced it with a white background. The grey scale bar below indicates the value of A V on the plot. The dotted lines indicate intervals of 30
• in longitude and latitude.
(PI: Rau), 092.D-0633, 098.A-0136 (PI: Greiner), and 095.B-0811 (PI: Levan). The total collection of spectra represents all GRB afterglows that have been followed up by X-shooter up to 31/03/2017, which marks the end of the XS-GRB legacy follow-up program.
The first GRB followed up was GRB 090313 (de Ugarte Postigo et al. 2010), observed on the 15th of March, 2009, during the commissioning of X-shooter on the second Unit Telescope (UT2) of the VLT . The bursts observed during the commissioning or the science verification process (GRB 090313, GRB 090530, GRB 090809, GRB 090926A) are not a part of the sample we use to investigate the statistical properties of GRB afterglows, due to the different criteria for their selection. The first burst observed after science verification and the mounting of Xshooter on UT2, was GRB 091018, which is the first burst entering our statistically homogeneous sample. For all bursts that fulfill our sample selection criteria, described in Sect. 2.1, spectroscopic follow-up have been attempted with X-shooter. Various conditions can affect our ability to follow up a given burst, and a discussion of these conditions and their consequences for the sample is included in Sect. 4.2.1. X-shooter covers the spectral wavelength region from 300 nm to 2480 nm in a single exposure, by splitting the light into three separate spectroscopic arms through the use of two dichroics. The ultraviolet blue (UVB) arm covers 300 -550 nm, the visual (VIS) arm covers 550 -1020 nm, and the near-infrared (NIR) arm covers 1020 -2480 nm. For some of the observations, we have applied a K-band blocking filter, cutting the coverage of the NIR arm at 2100 nm. The K-band blocking filter is only used after 2012, where it was installed. This is done to reduce the amount of scattered background light from the thermal infrared. For the majority of observations, a nodding observing scheme has been employed, with a nodding throw of 5 . Each nodding observation has typically been carried out in a standard ABBA pattern. For some cases, conditions during the follow-up (either technical or weather), have necessitated alterations to this scheme as described in App. B. For RRM triggers, a slightly different observing strategy was employed. Starting as rapidly as possible, a simple stare mode sequence was started, with 5 spectroscopic integrations with increasing exposure times.
For the majority of the bursts, we have observed with a slit width of 1. 0, 0. 9, and 0. 9 for the UVB, VIS, and NIR-arm Article number, page 4 of 43 Selsing et al.: The X-shooter GRB afterglow legacy sample respectively. This sets a lower limit on the delivered resolving power of the spectra based on the tabulated values of the delivered resolutions, which is 4350, 7450, and 5300 for the UVB, VIS and NIR-arm respectively 4 . For accurate measurements involving line profiles, knowledge of the precise instrumental resolution is required. The spectral resolution becomes better than the nominal one, when the delivered seeing is smaller than the projected width of the slit on the sky. We discuss how we determine the effective instrumental resolution in Sect. 3.3.
Due to a mechanical failure, the atmospheric dispersion corrector (ADC) was disabled from 1st of August 2012 until the end of this program. Only GRB 100728B was affected by the failing ADC prior to disablement, resulting in a lower-than-nominal throughput. To avoid chromatic slit losses due to atmospheric dispersion, nearly all subsequent observations have been carried out at parallactic angle. A consequence of this is that for all observations following 1st of August 2012, the centroid of the trace of the source changes position across the spatial direction of the slit as a function of wavelength. This effect has been modeled in the extraction procedure, as described in Sect. 3.4.
We provide an overview of all the observations in Table 1 and plot the positions of all the bursts on the celestial sphere in Galactic coordinates in Fig. 1 . Away from the central zone of avoidance, due to high Galactic extinction cutoff (marked in white), the GRB positions have an isotropic distribution, except in the upper left quadrant which cannot be observed from Paranal due to the declination constraints of the telescope.
Thirty percent of the spectra presented here, primarily host observations, have already been published in . Single bursts have additionally been published, based on unusual properties in their afterglows. We present individual notes on all the X-shooter spectra and their previous use in App. B. We include independent reductions of them here for completeness.
Data processing
In this section we describe how the final data products are produced and subsequently post-processed. All postprocessing scripts developed for this dataset are made publicly available at https://github.com/jselsing/XSGRB_ reduction_scripts.
Before any reductions are initiated, the raw object images are run through the cosmic-ray removal algorithm (van Dokkum 2001) implementation, Astro-SCRAPPY 5 , where a wide clipping radius was used around detected cosmic ray hits to ensure that edge residuals are robustly rejected.
The basis for the reductions is the VLT/X-shooter pipeline, version 2.7.1 or newer (Goldoni et al. 2006; Modigliani et al. 2010 ). The pipeline is managed with the Reflex interface (Freudling et al. 2013) and is used for subtraction of bias level, flat-fielding, tracing of the echelle orders, wavelength calibrations with the use of arc-line lamps, flux calibration using spectrophotometric standards (Vernet et al. 2009; Hamuy et al. 1994) , mirror flexure compensation(see Sect. 3.2), sky-subtraction and lastly the rectification and merging of the orders. Errors and bad pixel maps are propagated throughout the extraction. For the initial sky-subtraction, the background has been estimated by a running median in regions adjacent to the object trace clear of contaminating sources. Due to the broken ADC, for some objects there is curvature in the object trace along the dispersion axis of the slit(see Sect. 3.4) . This means that for these bursts, the initial sky-estimate was made from a limited number of pixels in the spatial direction. The subtraction of the sky background on the un-rectified image ensures that the bulk of the sky background is not redistributed by the rectification process.
X-shooter is an echelle spectrograph, and therefore the individual echelle orders are curved across image space. The individual orders therefore need to be rectified. In order to transform the image space (pixels) into a physical (wavelength-slit) space, the image pixels are resampled onto a physical grid, while propagating the pixel uncertainties derived by the pipeline. This rectification process correlates neighboring pixels and in order to minimize the degree of correlation, we need to choose a physical sampling that matches the pixel sampling. We rectified the image onto an equidistant grid with a dispersion sampling of 0.02 nm/pixel and a 0 . 16 per pixel spatial sampling for the UVB and VIS arm and 0.06 nm/pixel with a 0 . 21 per pixel in the NIR arm. Because the tabulated resolution is a lower limit to the delivered resolution, we choose a sampling of 0.02 nm/pixel to ensure that the lowest wavelength part of neither of the arms have a sampling lower than the Nyquist sampling rate of 2 pixels per resolution FWHM.
Post-processing
For a typical observation, each of the exposures in the nodding sequence have been reduced as a single observation and then subsequently combined to form a single image. We employ this strategy so that we can reject outliers in the stack and weight by an averaged measure of the inverse variance of the background. When weighting images, where the noise in each pixel is dominated by Poisson noise, it is important to estimate the background variance in a large enough region, so that any correlation between the signal and the weights are removed. To this end, the weight map is generated by a running median window over the variance map produced by the pipeline, where the trace has been masked and the width of the window is chosen to be wide enough for the median variance to be calculated on the basis of several hundred pixels. This weighting scheme automatically also optimally combines images of different exposure times or images where the background is varying, which is often the case when a burst has been observed close to twilight.
An additional sky-subtraction procedure is run on all rectified 2D spectra. This is done to remove residual sky, still present. At each pixel in the dispersion direction, the spatial dimension is fit with a low-order polynomial, after all sources are masked out. This low order polynomial is then convolved with a few pixel wide Gaussian filter in the dispersion direction and subtracted from the entire 2D image.
In the NIR arm, where the background is very bright and there are a high number of bright sky-lines, an alternative approach to sky subtraction has been employed. When there are no contaminating sources in the slit, the sky has been put back on the images and the images are combined in pairs of two before extraction, subtracting the two from each other while keeping the WCS static. Due to the nodding offsets used between observations, this conserves the source flux while removing the sky at the expense of a decrease in signal-to-noise by a factor of √ 2. This amounts to the regular nodding reduction, only we can reject outliers and weight by the averaged inverse variance map.
Reducing the images as single observations for all exposures, we additionally get a spectrum of the sky which we can use to recalibrate the wavelength solution in the post-processing steps.
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Correction for offsets in the wavelength calibration
Since X-shooter is installed at the VLT Cassegrain focus, it is prone to flexures. The flexures modify the projection of the slit on the detector with respect to the one obtained in daytime calibration. This requires a modification of the wavelength solution in order to correctly process the night-time data. Part of this correction is performed by the pipeline using the frames taken during the X-shooter Active Flexure Compensation procedure 6 . The remaining offset is corrected by cross-correlating the observed sky spectrum with a synthetic sky spectrum (Noll et al. 2012; Jones et al. 2013 ) after the continuum, estimated as the mode of all flux values, has been subtracted. To get the correct seeing point-spread-function (PSF) with which to convolve the synthetic sky, an initial refinement of the wavelength solution has been obtained by cross-correlating the observed sky with an unconvolved synthetic sky. This preliminary wavelength calibration is applied to the observed sky. The synthetic spectrum is then convolved with an increasing seeing PSF and the width that minimizes χ 2 with the updated observed sky is chosen to be the effective sky-PSF. Using the synthetic sky with the matched resolution, a final wavelength calibration can then be calculated by cross-correlating the observed sky with the correctly broadened sky spectrum as a function of a velocity offset. Both a multiplicative and an additive offset to the wavelength calibration has been tested, but in terms of χ 2 , the model with only a multiplicative offset is preferred. The resulting offsets, which were smaller than 0.01 nm in the UVB and VIS data and smaller than 0.05 nm in the NIR spectra, but changing over short periods of time were applied to the corresponding spectra 7 . Using the convolved synthetic sky, the pixels containing the brightest sky lines have been flagged as such in the bad pixel map.
Spectral resolution
The afterglow spectra described in this paper are obtained in Target-of-Opportunity mode. In most cases, there is little possibility to tweak slit widths to the seeing at the time of observations (i.e. to optimize spectral resolution and signal-to-noise), and almost all our data are therefore taken with a fixed set of slit widths and binning, described above. In a fair number of cases, the seeing full width at half maximum (FWHM) is considerably smaller than the slit width, and the delivered spectral resolution will then be determined by the seeing rather than by the slit width, as afterglows are point sources (this is evidently not the case for extended sources, e.g for host galaxies). The delivered resolution for slit-width dominated spectra post-reduction and extraction can easily be determined from the bright sky emission lines. For afterglow spectra with very high signal-to-noise, the delivered spectral resolution can at times be determined from the science data themselves. However, in the presence of multiple velocity components in absorption, other forms of line broadening, and a lack of lines at some redshifts, this is difficult to do at lower signal-to-noise ratios (the majority of spectra in our sample). A broad starting value for the expected resolution will help fitting of these spectra, and can be important in upper limit determination, and for this reason we construct a crude relation between the seeing and the delivered resolution at our slit width, binning, and reduction pipeline settings.
To this end we use observations of telluric standard stars that are taken with identical instrument settings as our afterglow 6 X-shooter User Manual available at ESO website. 7 The wavelength shifts have been extensively studied by ESO staff in this document. Blue data points show the FWHM (km/s) of Gaussian fits to unresolved telluric absorption lines in the VIS spectra, as a function of the airmass corrected DIMM seeing. The red data points show a subsample of measurements obtained for NIR spectra. The colored lines show the corresponding linear fits to the data points. The colored bounds contain 68 per cent of the best-fit probability mass. The red and blue dashed lines indicate the nominal resolution for the slit-widths used for the telluric standard observations. As can be seen, the effective resolution is in many cases superior to the nominal one. spectra, usually just after the science data, as part of the ESO X-shooter calibration plan. These spectra have been reduced together with the afterglow spectra, using identical pipeline settings with the same version of the pipeline. To get the resolution for each observation, we select a series of atmospheric transitions that are resolved multiples which should be intrinsically unresolved, and are in areas with well defined continuum flux. We then fit the lines with Voigt-profiles and calculate a corresponding FWHM, which we can then convert to a delivered resolution using the wavelength of the chosen transitions. To get the resolution as a function of ambient conditions, for each observations we also calculate the airmass-corrected DIMM seeing, which is measured at 500 nm.
The resulting distribution of spectral FWHM (km/s) as a function of spatial FWHM at 500 nm is fairly well described in the VIS arm by a linear relation a + b * x, with x the spatial FWHM in arcseconds, a = 25.2±0.8 km/s, b = 3.8±0.7 (see Fig.  2 ). For the NIR arm the corresponding relation is a = 36.0 ± 1.8 km/s, b = 8.4 ± 1.8. We use these linear relations as a way to estimate the spectral resolution for medium to low signal-to-noise afterglow spectra. To extend this to the UVB arm, we calculate the ratio between the VIS and the NIR arm resolutions and find that the resulting distribution is consistent with a simple scaling of the VIS arm relation by the ratio of resolutions of the NIR and VIS arm for unresolved, slit filling, sources as given on the ESO instrument website. The UVB arm contains no suitable absorption lines to use, and we therefore use a scaled value. This simple analysis gives a sufficiently accurate estimate for the analysis of the low signal-to-noise science spectra. In all cases the determined resolution is written to the header with the "RESOLU-TION" keyword.
Spectral extraction
To extract the afterglow spectrum from the rectified 2D-image, several techniques have been employed based on the brightness of the afterglow and the complexity of the objects entering the Article number, page 6 of 43 slit. Due to the malfunctioning ADC (see Sect. 2.4), the spectral trace changes position across the slit in the spatial direction as a function of wavelength. For a large fraction of the observed bursts, using a single aperture for the spectral extraction is inadequate due to the large amount of background that would then enter the slit. To optimally select the extraction regions we therefore need to model the trace position.
To get the shape and the position of the spectral PSF as a function of location on the image, we need to chose a model which can represent how the light falls on the slit. We know from Trujillo et al. (2001) that a Moffat function (Moffat 1969) with an index of β = 4.765 adequately describes an imaging PSF due to atmospheric turbulence, but because of aberrations in the optical dispersion elements and the rectification process, the PSF we are trying to model is different from this profile. To allow for flexibility in the model, we have chosen the Voigt function as a model for the spectral PSF and we describe how this is evaluated in App. A. Since the host galaxy could also give a contribution to the image profile, this choice allows for the required freedom if additional flux is in the wings of the profile.
To guide the estimated position of the trace on the slit as a function of wavelength, we have used the analytic prescription for the trace position described in Filippenko (1982) , where the header keywords of the observations have been queried for the ambient conditions which controls the degree to which the trace changes position in the spatial direction. This analytic approach is only valid for a plane-parallel atmosphere, but because the final position is refined in the fit, it is adequate for our purposes.
Based on the signal-to-noise of the afterglow continuum, the 2D-image has been binned in the spectral direction to a number of elements that allows for an accurate tracing of the PSF, typically 200 bins for moderate signal-to-noise. For each of the bins, using the analytically guided guess position, the spectral PSF has been fit using the unweighted chi-squared minimization algorithm implemented in scipy.optimize.curve_fit (Oliphant 2007 ). Since we know that the trace varies slowly as a function of wavelength, we have then fitted a low-order polynomial to the fit parameters as a function of wavelength, which allows us to evaluate the spectral PSF at all wavelengths and in this way accurately model the entire spectral PSF. Equipped with a model for how the light is distributed across the entire dispersion direction, we can employ the optimal extraction algorithm (Horne 1986) , which weights the extraction aperture by the spectral profile, or alternatively sum all pixels within 1 FWHM of the modeled profile. Where possible, we have used the optimal extraction. In cases where the trace is very weak, even in the binned images, an aperture has been selected manually which covers all emission lines, if present, and when nothing is immediately visible, the entire nodding window. The error-and bad pixel maps are in all cases propagated throughout the extraction.
In cases where multiple traces are visible in the slit, additional components for the profile are used in the optimal extraction. The additional components do not share the PSF parameters and in cases where the additional component is an extended object, the fits have been inspected to ensure that the additional component does not skew the fit towards a different PSF. The additional components are not used for the weights in the extractions.
The spectra are corrected for Galactic extinction using the E(B − V) value from the dust maps of Schlegel et al. (1998) with the update in Schlafly & Finkbeiner (2011) 8 , and the extinction curve by Cardelli et al. (1989) with a total to selective extinction R V = 3.1. The wavelengths of the extracted 1D-spectra are wavelength recalibrated (described in Sect. 3.2), moved to vacuum, and corrected for barycentric motion. Pixels with pixel-topixel variation larger than 50σ are additionally added to the bad pixel map.
Telluric correction
For all Earth-based telescopes, the light first has to pass through Earth's atmosphere, where the atmospheric content and conditions make an imprint on the received spectrum. These telluric features can be corrected for in a multitude of ways. We employ a prioritized list of methods here, depending on the availability of the chosen methods. Since the observations are often taken at odd times under varying conditions, this prioritized list ensures that we are always doing the best possible correction.
The highest priority method is using the GRB afterglow continuum itself, where the atmospheric conditions have directly been imprinted on the spectrum. The telluric features can directly be fit with an atmospheric model (Molecfit; Smette et al. 2015; Kausch et al. 2015) 9 , which can then be used to correct for the absorption. The accuracy of the correction depends on the signal-to-noise per pixel of the target spectrum, where we have chosen the requirement that the afterglow continuum spectrum has a median signal-to-noise higher than a value of 10.
If the afterglow is not sufficiently bright, telluric standard stars observed close in time to the GRB can be used as a proxy for the atmospheric condition during the GRB observation. Here we employ the telluric correction method that has been developed in Selsing et al. (2015) , where a library of synthetic templates is fit to the observed telluric standard.
In the last case, where the object is neither bright enough, or there for some reason a telluric standard have not been observed, we rely on a synthetic sky model (Noll et al. 2012; Jones et al. 2013 ) for which we generate a synthetic transmission spectrum, where the ambient parameters for the observations have been used.
Continuum estimate
We additionally provide an estimate of the continuum for all the spectra presented here. For this, we have developed an algorithmic approach that attempts to automatically estimate the continuum placement along with the error on the continuum estimate through an iterative procedure. The method is entirely data-driven and does not rely on any physical assumptions. The method is applied on each arm separately for each spectrum, to allow the widest possible wavelength range of the spectral shape to guide the normalization.
To estimate the continuum, a number of points (typically on the order of 100) are inserted at random positions along the wavelength direction, and the flux-density of each point is determined by the median value of the spectrum in a small region (∼ 1 Å) surrounding each point. The points are fitted with a low order polynomial (we use numpy.polynomial.chebyshev) and iteratively, the point furthest away is removed until the polynomial fit differed from the points by less than ∼ 5 per cent. This fil- Fig. 3 . Telluric corrected, normalized spectrum of GRB 121024A at z = 2.300 that illustrates the typical data quality. The continuum estimate is shown in dashed red and the error spectrum in solid blue. The acquisition magnitude is R = 20, meaning it is in the brighter end of the sample presented here, but not the brightest. The spectrum is rich in absorption and emission lines, including absorption from molecular H 2 . The absorption trough visible at ∼ 4000 Å is due to Lyα in the host. We have marked the most prominent lines seen in GRB afterglows from Christensen et al. (2011) . The regions of most severe telluric absorption are highlighted by grey-shading the background. Additionally, three intervening systems are seen in this sightline. This spectrum has been analyzed in detail in Friis et al. (2015) .
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Selsing et al.: The X-shooter GRB afterglow legacy sample tering is used because the intrinsic afterglow continuum of GRBs can be modeled by power laws (Piran 2005) , and removing points that differ significantly from a smooth continuum shape will guide the continuum estimate to a shape more reasonable for GRB afterglows. The reason for the non-physical model for the normalization is that it has the flexibility to capture instrumental variations of the continuum level that are not easily contained in a more physically motivated model. Additionally, points spaced closer than 1 per cent of the total spectral coverage are pruned. The remaining filtered and pruned points are then spline interpolated using scipy.interpolate.splrep.splev, which serves as a first estimate of the continuum placement. To prevent the spline from diverging at the edges, the spline-based continuum is tapered with a low order polynomial. An attempt to identify absorption and emission regions is then carried out, where they are marked as such if the difference between the estimated continuum and the observed spectrum is larger than 3 -5 times the associated error spectrum. All regions marked as affected are then masked.
Using the masked spectrum, the entire process is then repeated 500 times where the final continuum estimate is the mean of the continuum realizations and the associated error estimate is the standard deviation. This error reflects the stability of the algorithm across the spectrum. An example of the performance is shown in Fig. 3 . In the Lyα forest, where there is very little flux at the continuum level, the performance of the normalization algorithm depends on the continuum coverage redwards of the Lyα line. In some cases, very little continuum is contained in a single arm and a manual continuum estimate is provided, similar to what is done in López et al. (2016) . In these cases the continuum error is set to 10 per cent. The code for the continuum estimate is released along with the paper at https://github.com/jselsing/XSGRB-sample-paper.
Science data products
All the spectra are made available as a single ZIP file, through http://grbspec.iaa.es (de Ugarte Postigo et al. 2014a), and additionally through the ESO archive in the form of phase 3 material. This release includes both prompt afterglow observations as well as late time observations of the associated hosts, and represents all afterglow spectra of GRBs carried out by the X-shooter spectrograph since the commissioning of the instrument, 14/03/2009, and until the end of the last period of the program 098.A-0055, 31/03/2017 and thus constitutes eight years of GRB afterglow observations with X-shooter. An overview of all the spectra and their observational setups is given in Table  1 . For each burst, each individual observation is provided in a separate reduction, and in cases where observations have been repeated for an increased signal-to-noise or to follow the temporal evolution, a combined spectrum is also provided. No attempt has been made to join the spectroscopic arms, so for each observation, three spectra are provided in separate files.
All spectra are released in the ESO Science Data Product (SDP) format (Micol et al. 2016) , and formatted as binary FITS files. The naming convention is based on the GRB name and the observation number, and follow the scheme GRBxxxxxxx_OBxarm.fits. For example, the visual arm of the third observation of GRB 151021A, observed in RRM mode (see Sect. 2.3), is named GRB151021A_OB3VIS.fits.
Each file contains 7 columns with the following contents and descriptions:
-WAVE -Observed wavelength in vacuum, corrected for barycentric motion and drifts in the wavelength solution (Å). 
Results
In this section, we describe the efficiency of the follow-up effort and the characteristics of the observed bursts. We also assess the degree to which the obtained sample is representative for the full Swift sample. An important note is that here we provide a release for all GRBs after 14/03/2009, that have been observed with Xshooter, while only a subset of these constitutes our statistical sample. The statistical sample is based on the selection criteria described in Sect. 2.1. Some bursts not fulfilling the sample criteria have been followed up due to interesting characteristics, e.g., curios properties of their light curves, their brightness, etc. These bursts are not discussed as part of the investigation of the statistical properties of the GRB population. A prime example of a spectacular burst outside the statistical sample is the bright INTEGRAL burst GRB 161023A (de Ugarte Postigo et al., in prep) , that contains at least 15 intervening absorption systems (See B.117).
Follow-up timing and afterglow brightness
Redshift determination of bursts for which the host is too faint for a spectroscopic redshift measurement relies on the detection of absorption lines imprinted on the GRB afterglow continuum. Because the optical afterglow rapidly fades (typically as ∼ t −1 ) a rapid follow-up is essential. In Fig. 4 we plot the delay from the BAT trigger to the start of the spectroscopic observation. The shortest delays are observed in RRM-mode. The fastest followup between BAT trigger and start of spectroscopic observations for any observation is for the short, z = 1.717, GRB 160410A for which spectroscopic integration was initiated only 8.4 minutes after the BAT trigger. To illustrate the importance of the follow-up delay for the redshift completeness, we plot the redshift completeness as a function of delay time in Fig. 4 for all the bursts we have followed up, including the ones outside the statistical sample. As can be seen from the figure, the fraction of GRBs with a redshift determination decreases with follow-up delay. The redshift completeness for bursts that we have followed up is 94 per cent. This degree of completeness in the followed bursts, illustrates the efficiency of VLT/X-shooter in redshift determination. Not shown in the figure are an additional 12 bursts that have redshift determinations based on late-time host observations with delay times longer than ∼10 days.
Sample completeness
Of all the BAT-triggered bursts, a total of 165 bursts fulfill the sample criteria specified in Sect. 2.1, since the commissioning of VLT/X-shooter. This sample constitutes the statistical sample from which we will derive statistical properties of the GRB population. The redshift completeness of the full statistical sample is 61 per cent. We return to the question of redshift completeness in Sect. 4.3. From this sample, 93 GRBs have been spectroscopically followed up with X-shooter. In order to assess whether the subset of bursts followed up are representative of the underlying GRB parent population, we compare intrinsic properties of GRBs in our sample to GRBs in the full sample followed up by Swift. We show the comparison between the BAT (15 -150 keV) fluence, the XRT flux (0.3 -10 keV) at 11 hours, and the intrinsic X-ray derived equivalent hydrogen column density at the redshift of the GRB, in excess of the Galactic X-ray absorption column, N HI,X , in Fig. 5 . For the latter, we can only use values of N HI,X derived for bursts with a measured redshift, excluding ∼ 75 per cent of the full Swift sample. We return to the last point in Sect. 4.4.
Using the observational characteristics of the 1266 bursts observed until 31/03/2017 by Swift, and the derived N HI,X (Evans et al. 2009 ), we can quantify the degree to which our sample is biased relative to the overall Swift sample. The values are queried from the online Swift database 10, 11 . Three samples are of interest in order to assess the completeness of the follow-up campaign (Fig. 5) ; the full Swift sample consisting of all the bursts observed by Swift (blue), all the bursts that fulfill the selection criteria imposed in Sect. 2.1 (green), and the bursts actually followed up with X-shooter (red).
For each of the samples, we calculate the median, 16th, and 84th percentiles of each of the distributions, which can be used as point estimates for the population distribution. These are pro-vided in Table 2 . It can be seen from the values that the three samples have very similar distributions in terms of the point estimates chosen. This suggests that our selection criteria are unbiased compared to the Swift-sample and that additionally, the follow-up effort conserves the distributions of the intrinsic GRB properties (except perhaps for N HI,X , see Sect. 4.4).
Additionally, using a 2-sided Kolmogorov-Smirnov test (KStest), we can assess the degree to which the null hypothesis, that the two distributions are drawn from the same parent distribution, can be rejected. We show a graphic representation of the test statistics in Fig. 6 . A high p-value indicates little evidence against the null hypothesis . The distribution of N HI,X exhibits the highest degree of dissimilarity, but the two distribution are still consistent with being drawn from the same underlying distribution.
We therefore conclude that the statistics of the sample presented here, conserves the intrinsic properties of the GRBs in the full Swift sample -at least in terms of BAT fluence and X-ray flux at 11 hours.
Properties of rejected triggers
Out of the 165 bursts meeting our initial selection criteria for the statistical sample, 36 (22 per cent) were not observed due to reasons unrelated to the GRB or afterglow properties. The reasons include unavailability of the telescope due to technical maintenance (e.g., mirror re-coating), a visiting observer rejecting the ToO trigger, or bad weather. Because this cut is unrelated to the GRB properties, it will not change the statistical properties of the full sample. Removing these bursts from the statistical sample, dramatically improves the redshift completeness from 61 per cent to 88 per cent. The remaining burst not followed up already had a redshift from other instruments or were very faint and without a host association, thus observations were unlikely to yield a redshift measurement. In the remainder of the text, we consider the 129 bursts our statistical sample.
On the redshift distribution of GRBs
One of the objectives of our follow-up campaign is to measure the redshift distribution for a well-defined, observationally unbiased and statistically useful sample of GRBs. The imposed selection criteria (see Sect. 2.1) ensure that the GRBs entering our homogeneous sample, fairly represent the underlying population. The redshift distribution of such a sample holds valuable information about the occurrence of GRBs through cosmic time Perley et al. 2016a Table 3 . Comparison between the redshift distributions of previous complete samples. The SHOALS redshift characteristics are taken from Perley et al. (2016a) , the BAT6 redshifts are from Salvaterra et al. (2012) with the update from Pescalli et al. (2015) , TOUGH is from Hjorth et al. (2012) with the update from Schulze et al. (2015) , and Fynbo09 are from Fynbo et al. (2009) . The errors shown on the median redshift contain 68 per cent of the probability mass.
Article number, page 10 of 43 Table 2 . Population properties (median and 16th and 84th percentiles as the error intervals) for the Swift sample and the subset of bursts fulfilling the sample criteria. The population characteristics of the three samples are very similar, which shows that our selection criteria effectively conserve the statistical properties of the underlying population, as least for these parameters. Notice that not all bursts have measurements of the quantities we compare.
In Fig. 7 we show the redshift distribution of all the observed GRBs. In the top panel we show a histogram for the full sample and the statistical sample and in the main panel, we show the redshifts of the individual bursts as a function of GRB energy in the observed 15 -150 keV band. To calculate the energy, E BAT , we follow a similar procedure as Lien et al. (2016) and define
−1 , where F γ is the observed BAT fluence in the 15-150 keV band and d L is the luminosity distance to the burst at the given redshift. Note that this measure of luminosity does not include any k-correction. As an indication of the effect of the Swift sensitivity limit on the redshift distribution, also in the figure, we have shown the so called ∼ 1 s flux BAT sensitivity limit (∼ 3 × 10 −8 erg s −1 cm −2 ; Baumgartner et al. 2013; Lien et al. 2016 ). Due to the complex triggering mechanism of Swift, this sensitivity limit should be interpreted with some caution as the effective limit depends on the light curve of the prompt emission signal. Due to the dilution of light with distance, the Swift GRB luminosity detection limit is almost an order of magnitude brighter at z = 2 than at z = 1. At z ≥ 4 we are only able to observe GRBs that are ∼ hundred times brighter than the faintest bursts at z = 1 and below. The effect of GRB redshift on the Swift triggering criteria have previously been studied in detail (Littlejohns et al. 2013 ).
We compare the point estimates for the redshift distributions of previous complete samples of GRBs in Tab. 3. We see that when we compare to other complete samples, the XS-GRB presented here has the lowest average redshift. However, the other samples also exhibit a large spread in the redshift distributions.
Article number, page 11 of 43 A&A proofs: manuscript no. XSGRB_sample_arxiv A 2-sided KS test reveals that the XS-GRB sample is consistent with being drawn from the same parent sample with the following p-values: SHOALS (p-value = 0.13), BAT6 (p-value = 0.95), Fynbo09 (p-value = 0.08) and TOUGH (p-value = 0.09). As a small note, the redshift distribution of BAT6 are not expected to be identical to the other complete samples due to the additional cut on the GRB peak flux in the BAT band.
Because the redshift completeness of our statistical sample is 88 per cent, making an inference of the true redshift distribution of GRBs based on this sample is impossible. For instance, only the brightest GRBs are seen above redshift z 1 as shown in Fig. 7 . As described in detail in Hjorth et al. (2012) and Perley et al. (2016b) , bursts for which the redshift is measured from the afterglow are systematically found in host galaxies with a lower luminosity than bursts for which the redshift is measured from the host galaxy. Only a few GRBs hosted in galaxies, with stellar masses more than 10 10 M have the redshift measured based on the afterglow continuum. This is likely related to the presence of higher contents of dust in more massive galaxies, leading to a larger fraction of extincted afterglows.
Sample darkness
A fraction of all GRBs exhibit no detectable or very faint optical afterglows (Groot et al. 1998; Djorgovski et al. 2001; Fynbo et al. 2001 ). The degree of optical extinction relative to the Xray brightness has been parametrized in terms of their optical darkness, using the measurement of, or limit on, the optical to X-ray spectral index β OX (Jakobsson et al. 2004; Rol et al. 2005; van der Horst et al. 2009 ). The X-ray properties of such bursts have previously been investigated (De Pasquale et al. 2003; Fynbo et al. 2009; Melandri et al. 2012) and there are some indications that dark bursts have somewhat higher X-ray luminosity and N H,X compared to the optically bright bursts Watson & Jakobsson 2012) . The X-ray column density has been shown to be roughly correlated with the gas column density, which, for a given metallicity, also correlates with the dust extinction (Watson et al. 2013; Covino et al. 2013a) , though the range in metallicity introduces a large additional scatter in the correlation between the extinction and the N H,X . This indicates along with investigations of host galaxy properties Krühler et al. 2011; Hjorth et al. 2012; Perley et al. 2016b) , that the extinction of the optical afterglows is primarily driven by the presence of dust in the host galaxies and not solely by unfortunate placement of the synchrotron spectral break frequencies. Hjorth et al. (2012) find that systems with no optical afterglow have higher N H,X , irrespective of the nature of the host -which however also turn out to be redder. Additionally, the ISM absorption lines in dark sight-lines are found to be stronger compared to optically brighter bursts (Christensen et al. 2011) , which is consistent with the dark bursts being found in more metal-rich and dustier galaxies.
For all bursts with follow-up within 100 hours we calculate the "darkness"-parameter, β OX (Jakobsson et al. 2004 ). This requires the simultaneous measurement of the X-ray flux density and the optical flux density which is in practice possible, but in reality extremely rarely available. As a proxy, we use the measured acquisition camera magnitude reported in Table 1 to get the optical flux density at the beginning of the spectroscopic integration. Because we know the delay between the follow-up and the Swift trigger, we can use the measured XRT lightcurve (Evans et al. 2007 (Evans et al. , 2009 12 to infer the corresponding X-ray flux density at the time of the optical observation. This is done by either linearly interpolating between temporally neighboring XRT measurements or by extrapolating the last few X-ray data points to the time of the spectroscopic observation. When the afterglow is not detected in the acquisition camera, an upper limit of > 24 mags is used, which propagates into an upper limit on β OX .
In Fig. 8 we compare the β OX -N H,X distribution with the one presented in Fynbo et al. (2009) . We take the N HI,X values from the XRT spectral fits (Evans et al. 2009 ). The values from Fynbo et al. (2009) have been treated as detections, meaning that we artificially bias the distribution towards higher β OXvalues. The two distributions exhibit a large degree of overlap. We confirm the result by Fynbo et al. (2009) , that dark bursts, β OX < 0.5, have higher log(N H,X /cm −2 ). Specifically, for bursts with measured redshift either from the afterglow or the host galaxy, we find the following: For bursts with β OX ≥ 0.5 we find log(N H,X /cm −2 ) = 21.4 +0.7 −1.0 , whereas for β OX < 0.5 we find log(N H,X /cm −2 ) 21.8
+0.5
−0.9 where 68 per cent of the probability mass is contained within the error intervals. A 2-sided KS test fails to reject the null hypothesis that they are drawn from the same distribution with p = 0.11, meaning that there is no strong evidence for a discrepancy. A Kendall's τ test, however, suggest a statistically significant, low degree of negative correlation (Γ = −0.21 at a p-value = 0.01).
Using the table maintained by J. Greiner 13 , we can see how the presence of an optical afterglow affects the follow-up statistics. 50.5 per cent of all Swift-triggered bursts in this list do not have a detected optical afterglow. This number also includes bursts where no optical observations were available, so the real number is likely to be lower. For the bursts that enter our statistical sample, the percentage of bursts without a detected optical afterglow is 28 per cent, close to the upper limit on the fraction of dark bursts found in a complete sample with a very high degree of redshift completeness ). Of the bursts for which follow-up has actually been attempted, this number is 23 per cent, suggesting a slight bias against bursts without a detected optical afterglow in the spectroscopic sample.
However, the fraction of dark bursts for which we have measured redshifts is lower than the ones with a detected optical afterglow. For the afterglows we have observed as part of the statistical sample that do not have a detected optical afterglow, the redshift completeness is 53 per cent. For comparison, for the afterglows in the statistical sample we have observed with an optical afterglow detected, the redshift completeness is 92 per cent. This also shows that the lack of redshift completeness in the sample presented here is in part due to the increased difficulty of measuring a redshift for bursts without an afterglow. To measure a redshift, we either need a detected afterglow to obtain a spectrum or to locate the host galaxy and determine the redshift from there. It is more difficult to correctly associate a galaxy with a burst when there is no detected optical afterglow and hence a correct redshift measurement is more difficult to make, see Jakobsson et al. (2005) ; Levesque et al. (2010) and Perley et al. (2017) .
Regardless the fraction of dark bursts being lower in the observed sample, compared to the statistical sample, the X-ray properties do not differ significantly, as shown in Sect. 4.2. This is despite spectroscopic follow-up only being carried out in cases where either a detectable optical afterglow or a clear counterpart are seen, which naively should be biased against dark bursts occurring in more obscured galaxies, which is shown to exhibit different galactic properties Krühler et al. 2011; Rossi et al. 2012; Perley et al. 2013 Perley et al. , 2015 . That the decreased fraction of dark bursts in observed sample does not alter the observed prompt X-ray brightness distribution, potentially reflects the independence of the X-ray brightness on the density of the circumburst medium (Freedman & Waxman 2001; Berger et al. 2003; Nysewander et al. 2009 ), if the measured N H,X is primarily driven by the gas column in the neighborhood of the burst. Because we only use values for N H,X in the comparison for which the GRB has a measured redshift, this measure is likely biased toward optically brighter bursts (e.g. Watson & Jakobsson 2012).
Hydrogen column densities
The locations of long GRBs are associated with intensely starforming regions (Hogg & Fruchter 1999; Bloom et al. 2002; Fruchter et al. 2006; Lyman et al. 2017) . Because a significant fraction of the hydrogen along the line of sight in these regions has not been ionized, the optical depth at the wavelength of Lyα is very high, saturating not only the line center, but also the damping wings. This causes a strong absorption system from the Lyα-transition to appear in the afterglow continuum. For bursts with z 1.7, the position of Lyα moves into the spectroscopic coverage of X-shooter, meaning that we are able to detect this absorption trough due to Lyα. The exceptionally good UV response of X-shooter, allows us to robustly measure Hi-columns -also at these relatively low redshifts.
Due to the stochastic nature of the Lyα-forest, the blue wing of the Lyman-α absorption line is randomly superposed with Lyman-α forest systems, along with strong absorption from Mn ii and Si iii, making it notoriously difficult to model. Additionally, the red wing has ISM signatures imprinted on it, esArticle number, page 13 of 43 pecially strong absorption due to Si ii, S ii and N v, which can exhibit significant velocity structure. Along with instrumental effects, the generative model for the data that we would use in a likelihood-based analysis would be very complicated. We have therefore decided not to make formal χ 2 fitting of the hydrogen column densities, but instead use a more subjective visual measurement to the absorption profile. Using an analytic approximation to the absorption profile from Tepper García (2006), we overplot a synthetic absorption line with a specified column density on our observed, normalised spectrum. By tuning the value of the hydrogen column density until the synthetic absorption line matches the spectrum, we can thereby infer the actual column density of the GRB sight line in a manual way. Similarly, the uncertainty on the hydrogen column can be estimated by adjusting the error, until the confidence bounds contain the continuum variation. We show the results of this procedure for all bursts where possible in Fig. 10 and the inferred hydrogen column densities in Table 4. 12 of the N HI measurements for these spectra have previously been presented in Cucchiara et al. (2015) (See Table 4 ). We provide new measurements here for completeness. In the compilation of N HI measurements towards GRBs in Tanvir et al. (submitted) there are 93 published N HI values, excluding the measurements provided here. We here provide 30 new neutral hydrogen column density measurements -an increase of the number of optically derived hydrogen column densities of ∼ 33 per cent. We show the two distributions in Fig. 9 . We compare the me- . We see that the two distributions have a large degree of overlap due to the large width of the distributions, but we find a slightly higher median value for the new sample presented here. A 2-sided KS test gives a p-value of p = 0.006, meaning relatively strong evidence against the null hypothesis that the two samples are drawn from the same underlying distribution. Because the bursts that have measurements of the hydrogen column density are selected solely based on our ability to infer a column, it is difficult to make any strong conclusions about the population statistics in terms of gas content.
In Fig. 9 , we also show the column density distribution for the 12081 quasar absorbers with log(N HI /cm −2 ) > 20 from Noterdaeme et al. (2012) . The fact that GRBs are systematically located behind the highest log(N HI /cm −2 ), previously noted (e.g., Prochaska et al. 2007; Fynbo et al. 2009 ), is very clear in this figure. The reason for this is that quasar sample sight-lines through galaxies that are cross-section selected, whereas GRB sight-lines probe the dense, star-forming regions in their hosts.
Discussion and conclusions
In this paper we have presented the results of a dedicated effort over the years 2009 -2017 to use the X-shooter spectrograph on the ESO-VLT to secure spectroscopic observations of afterglows and host galaxies of GRBs detected by Swift. This work was initiated by the consortium that built X-shooter and included this project as a key part of the GTO program, but over the years the project continued in open time.
The sample presented here includes spectroscopic observations of 93 systems fulfilling our sample criteria, including 18 spectra that are late-time observations of the underlying host galaxies. All spectra have been made publicly available in the reduced form used in this paper.
Our sample serves the purpose to further characterize the environments of GRBs that was also much advanced by the previous surveys based primarily on lower-resolution spectroscopy. GRB afterglow sight-lines are unique in the sense that only after observing more than 12000 damped Lyman-α absorbers (DLAs) towards about 10 5 quasars, a handful systems with log(N HI /cm −2 ) > 22 have been identified (e.g., five in Noterdaeme et al. 2012). Long GRB afterglow spectra, by contrast, reveal such systems routinely (Jakobsson et al. 2006; Fynbo et al. 2009; Cucchiara et al. 2015 , and this work). With afterglow spectroscopy (throughout the electromagnetic spectrum from X-rays to the sub-mm) we are able to characterize the properties of star-forming galaxies over cosmic history in terms of redshifts, metallicities, molecular contents, ISM temperatures, UV-flux densities, extinction curves, etc. A number of independent papers have been published or submitted for publication focusing on many of these specific issues of our sample such as extinction curves (Japelj et al. 2015 , Zafar et al. submitted, see also Fynbo et al. 2014 Heintz et al. 2017) , emission lines from the underlying host galaxies , the frequency of intervening Mg ii absorbers (Christensen et al. 2017) , Arabsalmani et al. (2018) on the metallicity-scaling relations, and escape of ionizing radiation (Tanvir et al., submitted) . A number of additional companion papers are also planned, investigating the detailed properties of the sample presented here, including equivalent width distributions (de Ugarte Postigo et al., in preparation), metallicities and kinematics (Thöne et al., in preparation), high ionization lines (Heintz et al., in submitted) , molecular lines (Bolmer et al., in preparation), fine-structure lines (Vreeswijk et al., in preparation), and composite GRB afterglow spectrum (Selsing et al., in preparation) .
The potential of using GRB sightlines as probes is far from fully harvested. The sample of sightlines probed by our spectra are not representative for all GRB sightlines as we have shown and consistent with earlier findings from samples based on lowresolution spectroscopy (e.g., Fynbo et al. 2009 ) and from studies of complete samples of GRB host galaxies Covino et al. 2013b; Perley et al. 2016a ). argue, that very rich sightlines like that probed by the remarkable GRB 080607 Sheffer et al. 2009; Perley et al. 2011) are probably significantly more frequent than in the sightlines sampled by our spectra. However, with current instrumentation, these sightlines are out of reach except under very fortunate circumstances as in the case of GRB 080607 when the afterglow could be observed only a few minutes after the burst with a 10-m class telescope. Observations of such sightlines with X-shooter-like spectrographs on the next generation of 20-40-m telescopes is likely to be very rewarding, given that a suitable GRB detector will be available.
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